Electronic Supplementary Information

Photoswitchable Interlocked Thiodiglycolamide as
Cocatalyst of a Chalcogeno-Baylis-Hillman Reaction
Email: ppberna@um.es
Electronic Supplementary Material (ESI) for Chemical Science. This journal is © The Royal Society of Chemistry 2017
General Experimental Section
Unless stated otherwise, all reagents were purchased from Aldrich Chemicals and used without further purification. HPLC grade solvents (Scharlab) were nitrogen saturated and were dried and deoxygenated using an Innovative Technology Inc. Pure-Solv 400 Solvent Purification System. Column chromatography was carried out using silica gel (60 Å To a suspension of 2,2'-thiodiacetic acid 1 (1.5 g, 10.0 mmol) in dry dichloromethane (40 mL) under N 2 atmosphere was added oxalyl chloride (3.81 g, 30.0 mmol) and DMF (4 drops). The mixture was stirred for 3 hours under reflux. After this time the solvent and the excess of oxalyl chloride were removed under reduced pressure. The resulting residue was used in the next step without purification.
To a solution of 2,2-diphenylethanamine (2.30 g, 11.7 mmol) and Et 3 N (2.25 mL, 16.0 mmol) in CHCl 3 (60 mL) was added dropwise the residue obtained in the previous step (1.00 g, 5.35 mmol), dissolved in 10 mL of CHCl 3 , during a period of 1 hour. After stirring at room temperature for another hour, the reaction was refluxed for 3 hours. The reaction mixture was washed with water (2 x 100 mL), HCl 1N (2 x 100 mL), NaOH 1N (2 x 100 mL) and brine (2 x 100 mL). The organic phase was dried over anhydrous To a suspension of 2,2'-thiodiacetic acid 1 (1.5 g, 10.0 mmol) in dry dichloromethane (40 mL) under N 2 atmosphere was added oxalyl chloride (3.81 g, 30.0 mmol) and DMF (4 drops). The mixture was stirred S5 for 3 hours under reflux. After this time the solvent and the excess of oxalyl chloride were removed under reduced pressure. The resulting residue was used in the next step without purification.
To a solution of dibenzylamine (4.23 mL, 22 mmol) and Et 3 N (4.18 mL, 30 mmol) in CHCl 3 (60 mL) was added dropwise the residue obtained in the previous step (1.82 g, 10 mmol), dissolved in 20 mL of CHCl 3 , during a period of 30 min. The reaction was refluxed overnight. After this time the reaction mixture was washed with water (2 x 100 mL), HCl 1N (2 x 100 mL), NaOH 1N (2 x 100 mL) and brine (2 x 100 mL). To a suspension of acid 5a (1.64 g, 5.0 mmol) in dry CH 2 Cl 2 (40 mL) under N 2 atmosphere was added amine S1 (1.00 g, 3.32 mmol) and DMAP (0.49 g, 3.98 mmol) and the mixture was stirred at 0ºC for 10 min. After this time EDCI (0.96 g, 5.0 mmol) was added and the reaction was stirred at room temperature for 48 hours. After this time the reaction mixture was washed with water (2 x 100 mL), HCl 1N (2 x 100 mL), NaOH 1N (2 x 100 mL) and brine (2 x 100 mL), dried over anhydrous To a solution of the resulting protonated amine (0.82 g, 1.35 mmol) in dry CH 2 Cl 2 (35 mL) was added acid S2a (0.60 g, 2.04 mmol), Et 3 N (0.56 mL, 4.05 mmol) and DMAP (0.20 g, 2.04 mmol). The solution was stirred at 0ºC during 15 min and EDCI (0.392 g, 2.04 mmol) was added. The reaction was stirred at room temperature for 48 hours. After this time the solvent was removed under reduced pressure and the residue was dissolved in a mixture CHCl 3 :iPrOH (3:1) (150 mL). The organic phase was washed with water (2 x 100 mL), HCl 1N (2 x 100 mL), NaOH 1N (2 x 100 mL) and brine (2 x 100 mL). To a solution of 1,4-oxathiane-2,6-dione 4 (500 mg, 3.80 mmol) in dry Et 2 O (20 mL) under N 2 atmosphere was added dibenzylamine (0.8 mL, 4.16 mmol) and pyridine (0.3 mL, 0.20 mmol) and was stirred under reflux for 12 hours. After this time the solvent was removed and the residue was dissolved with AcOEt (20 mL). The organic phase was washed with HCl 1N (20 mL), dried over anhydrous MgSO 4 , concentrated under reduced pressure and purified by column chromatography on silica gel using a CHCl 3 /MeOH (97/3) mixture as eluent to give the title product as a white solid (5b, 1.7 g, 48%); mp 106- To a suspension of acid 5b (1.37 g, 4.2 mmol) in dry CH 2 Cl 2 (40 mL) under N 2 atmosphere was added amine S1 (1.5 g, 5 mmol) and DMAP (0.61 g, 5 mmol) and the mixture was stirred at 0ºC for 10 min.
After this time EDCI (0.96 g, 5.0 mmol) was added and the reaction was stirred at room temperature for 48 hours. The reaction mixture was washed with water (2 x 100 mL), HCl 1N (2 x 100 mL), NaOH 1N (2 x 100 mL) and brine (2 x 100 mL), dried over anhydrous MgSO 4 and concentrated under reduced pressure. The resulting residue was purified by column chromatography on silica gel using a To a solution of fragment 6b (2.4 g, 3.9 mmol) in dry CH 2 Cl 2 (50 mL) was added TFA (1.50 mL, 19.5 mmol) and was stirred at room temperature for 12 hours. After this time the solvent and excess of TFA were removed under reduced pressure. The resulting residue was dissolved in CH 2 Cl 2 :MeOH (1:1) (50 mL) and basic resin Amberlyst® A-21 (1 g) was added. The mixture was stirred for 1 hour. After this time the solution was filtered and the solvent was removed under reduced pressure. The corresponding residue was employed in the next step without further purification.
To a solution of the resulting free amine (0.95 g, 1.85 mmol) in dry CH 2 Cl 2 (35 mL) was added acid S2
(545 mg, 1.85 mmol) and DMAP (225 mg, 1.85 mmol). The solution was stirred at 0ºC during 15 min and EDCI (355 mg, 1.85 mmol) was added. The reaction was stirred at room temperature for 48 hours.
After this time the mixture was diluted with CH 2 Cl 2 (50 mL) and was washed with water (2 x 100 mL), HCl 1N (2 x 100 mL), NaOH 1N (2 x 100 mL) and brine (2 x 100 mL). The organic phase was dried over showed identical spectroscopic data as those reported therein.
To a solution of fragment 6a (3.00 g, 3.23 mmol) in dry CH 2 Cl 2 (40 mL) was added TFA (2.34 mL, 32.3 mmol) and was stirred at room temperature for 12 hours. After this time the solvent and excess of TFA were removed under reduced pressure. The resulting residue was dissolved in EtOH (30 mL) and S11 Amberlyst ® A21 (3 g) was added. The mixture was stirred at room temperature for 1 hour. The resin was filtered and the solvent was removed under reduced pressure, to give the unprotected amine, which was used in the next step without further purification.
To a suspension of acid S3a (0.952 g, 3.23 mmol) in dry CH 2 Cl 2 (40 mL) under N 2 atmosphere was added unprotected amine (1.00 g, 3.32 mmol), Et 3 N (0.7 mL, 5.09 mmol) and BOP (2.25 g, 5.09 mmol) and the reaction mixture was stirred at room temperature for 5 hours. After this time the reaction mixture was diluted with CH 2 Cl 2 (60 mL) and washed with water (2 x 100 mL), HCl 1N (2 x 100 mL), NaOH 1N
(2 x 100 mL) and brine (2 x 100 mL), dried over anhydrous MgSO 4 and concentrated under reduced pressure. Fragment S3b was synthesized following the described procedure reported in S. Rehn, A. R. Ofial, K.
Polborn, H. Mayr, ARCHIVOC 2004, 120-131, and showed identical spectroscopic data as those reported therein.
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To a solution of the resulting free amine (0.95 g, 1.85 mmol) in dry CH 2 Cl 2 (35 mL) was added acid S3b
(545 mg, 1.85 mmol) and BOP (817 mg, 2.22 mmol). The reaction was stirred at room temperature for 5 hours. After this time the mixture was diluted with CH 2 Cl 2 (50 mL) and was washed with water (2 x 100 mL), HCl 1N (2 x 100 mL), NaOH 1N (2 x 100 mL) and brine (2 x 100 mL). 
General procedure for the preparation of the [2]rotaxanes 3 and E-8
The thread (1 equiv.) and Et 3 N (24 equiv.) in anhydrous CHCl 3 (250 mL) were stirred vigorously whilst solutions of p-xylylenediamine (8 equiv.) in anhydrous CHCl 3 (20 mL) and isophthaloyl chloride (8 equiv.) in anhydrous CHCl 3 (20 mL) were simultaneously added over a period of 4 h using motor-driven syringe pumps. After a further 4 h the resulting suspension was filtered through a Celite ® pad, washed with water (2 x 50 mL), an aqueous solution of HCl 1N (2 x 50 mL), a saturated solution of NaHCO 3 (2 x 50 mL) and brine (2 x 50 mL). The organic phase was dried over MgSO 4 and the solvent removed under reduced pressure. The resulting solid was subjected to column chromatography (silica gel) to yield unconsumed thread and [2]rotaxane.
Rotaxane 3a
Rotaxane 3a was obtained following the described method from thread 2a (1.00 g, 1.96 mmol). 
Rotaxane 3b
Rotaxane 3b was obtained following the described method from thread 2b (1.00 g, 1.96 mmol). 
Rotaxane E-8a
Rotaxane E-8a was obtained following the described method from thread E-7a (0.4 g, 0.51 mmol), using a mixture CHCl 3 :MeCN (10:1) as solvent, due to the low solubility of thread E-7a in pure CHCl 3 . The solid crude was subjected to column chromatography on silica gel using 
Rotaxane E-8b
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Rotaxane E-8b was obtained following the described method from thread E-7b (950 mg, 1.20 mmol).
The solid crude was subjected to column chromatography on silica gel using a CH 2 Cl 2 /AcOEt (1/1) mixture as eluent to elute the unconsumed thread, and then pure AcOEt, to give the title product as a 164.6 (CO), 141.9 (C), 141.3 (C), 137.4 (C), 133.9 (C), 131.7 (CH), 129.4 (CH), 129.3 (CH), 129. The obtained compound Z-8b was re-isomerized again to the initial co-conformer E-8b in 58% yield by irradiation at 312 nm of a solution of the cis isomer in DCM during 45 min.
Chalcogenide-TiCl 4 catalyzed Baylis-Hillman reaction
Reaction conditions for this transformation reported in S. Kinoshita, H. Kinoshita, T. Iwamura, S.-I.
Watanabe, T. Kataoka, Chem.-Eur. J. 2003 , 9, 1496 -1502 General procedure: To a solution of p-nitrobenzaldehyde (3.8 mg, 0.025 mmol), 3-butyn-2-one (5.1 mg, 0.075 mmol) and the corresponding sulfide derivative "S" (0.1 equiv.) in dry CH 2 Cl 2 at 0-5ºC was added TiCl 4 (0.025 mmol, solution 1M in CH 2 Cl 2 ). The reaction was stirred under nitrogen at the established temperature for 3 hours. After this time a saturated solution of NaHCO 3 (0.5 mL) was added. The reaction mixture was diluted with CH 2 Cl 2 and extracted with H 2 O. The organic phase was dried over MgSO 4 and the solvent removed under reduced pressure. The corresponding residue was analyzed by 1 H NMR spectroscopy and the conversion and diastereomeric ratio of E-9 and Z-9 was calculated. Table S2 . Screening of different sulfur-containing species "S" under the optimized reaction conditions.
Compound E-9 was described in S. Kinoshita, H. Kinoshita, T. Iwamura, S. S19 Figure S1 . Partial 1 H NMR (400 MHz, CDCl 3 ) spectrum of: a) selected signals related to E-9 and Z-9 when thread 2b was employed as catalyst (d.r.: 91:9); b) when rotaxane E-8b was employed as catalyst (Catalyst ON, d.r.: 80:20) ; c) when rotaxane Z-8b was employed as catalyst (Catalyst OFF, d.r.: 50:50). 8. Crystal data and structure refinement for rotaxane 3a Figure S2 . Molecular structure of rotaxane 3a with thermal ellipsoids drawn at 50% probability.
X-ray Structure Determinations.
A colorless prism-like specimen of C 67 H 66 N 6 O 7 S, approximate dimensions 0.040 mm x 0.170 mm x 0.220 mm, was used for the X-ray crystallographic analysis. The X-ray intensity data were measured on a Bruker D8 QUEST system equipped with a multilayer monochromator and a Cu K/a Incoatec microfocus sealed tube (λ = 1.54178 Å).
A total of 2452 frames were collected. The total exposure time was 81.73 hours. The frames were integrated with the Bruker SAINT software package using a narrow-frame algorithm. The integration of the data using a triclinic unit cell yielded a total of 88755 reflections to a maximum θ angle of 66.67°
(0.84 Å resolution), of which 9949 were independent (average redundancy 8.921, completeness = 97.5%, R int = 3.63%, R sig = 1.77%) and 8893 (89.39%) were greater than 2σ( Symmetry transformations used to generate equivalent atoms: #1 -x+2,-y+1,-z+1 #2 -x+1,-y,-z #3 -x+1,-y+1,-z+1
A CH··· interaction between one of the methylenic hydrogen atoms of the thread and one of the pxylylene rings of the tetralactam is observed. This interaction is featured by a distance of 3.4 Å between the C41 and the centroid (CD1) and angle of 86º between the C41-H41A bond and the nearest carbon of the centroid ( Figure S3 ). 
